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PHOTO ACITV ATABLE POLYMERS FOK riw 

BIOMOLECULAR ASSEMBLIES 



BACKGROUND OF THE INVENTION 
Field of the Invention 
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The preset Cairn* invention reU.es ,o phcoacnvauWc pdvmera *>< 
pacing pauernea bion-o.eenU, assemb,,s. More particuUr*. .he P— 
clai mea invention reU.es ,o panned n«»ora powers formea upon sub^es, 
.e — * P*™» — • o f Hntin,, tt-*-* ana a memoa for — 

t, uoon various substrates for the subsequent binding 

the patterned network polymers upon various 

of biomolecules such as antibodies or nucleic acid polymer, 
Description of the Related Art 

Mos, current immunoassay *! L«- - ■ * ^ °T 

•^•^' -^•^^ ^^ 5 " a,egieS 
ar e possibX. circumsmnces inse vAere tne abffityib ticec, mump* » 
..^^^.^^^•^-^ Forage,, he 

could be performed ft*., cheaper, and with .ess res, ro res, vanabUUv if ,he 
for mump* ana,^ coum be'^erformea sunn— rarher ,han 
^uenti* D ru g screen,., proves anome, area where one * usuaU, imeres.ea 
„ ae,ectin g more rhan one poss^e ana>,e. fe* - — — 
^ me measuremen, of severa, re.a.ea hormones ,o accural aia^ose and 
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hematology, virology, and oncology. - ; ,. 

^^^^^^^^^^ 

<~ me^red ^pc^M^^ m ^ ^ 
been empkwd fw a ^ ^ ^ m ^ ^ 

Wg multiple fluoropbores is also difficult due to different ■ „ 
. „, ... differences in photoblcaching 

r "* ^ update Station and 

: en^on and ^ ^ 

/ ^ —.and .be correction 

* ~* W raKs %?n , f;t!lese prowems ^ 

^~*-^*^.»n jM ^ 

— lab eu m^.^ ^ aan, Won ^ mulliple 
antibodies are unn^d, . „ d^^e a senso, o f ,bis ^ tha , coold 
snnubaneousl, de.ec, hundreds of differe„,.an S ly,es. 

However, currently severe, broad strategies ,re being applied ,0 «,e 
aeve.op.en, C patterned surfaces on wbicb mul np,e ^ are 

*" ^ ^ *^«*-**Mp* separare .brougbou, 
Un " ,0bfli2a ' i0n ^ .echniouesen,^ range fron, s ta p,v 

a P P*ng Ure antibodies in ^ using a pa,„.brusb. ,0 noting 
-ros.an.ping „r microsp?tting . ^ ^ ^ ^ ^ ^ 

** «^ - W.«^ <sWw!) prot e in paHerm . me 
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second stra^gy uses micrography " produce active substrains formed 
„ Active removal or pho.ochen.ica! conversion of reactive monolayers «o 
pro duce discrere regions for autibody umnobitotion. *, Amos, « ... W~ 
M< ^„ » J****-*-' /^^^ Oeneru, Method, T* 17th 

.. incorporated herein by referenced entire* and fo r aU purposes. S« Clapp«, 

v •wk.SJUaaaMfeb.Ike Kth Annual Meeting of the Society 
CeO Attachment and Crcwth tgBwnttuenius, »« 

„ reference in Us entire*™. ,or ah purpo^s. ^ Cd. W ^ « ^ ^ 

Manafaettrln, Om*«~. Nfew Y6rk» incorporated herein by 

■ ^^-^ ********* 

n. a~***" ******* f**-*!** B: 

15 BlointeHaces, pp. (1^)1 ^rporared herein by reference in » entire* 

and for an purposes. S* Van, M< M. N4 «--, * ** W " * 

^ a» •»■««« fcterence to iB em,re,y 

and for all purposes. See m ***«*« « «~* 

5,217*492' (Gftire); ^ ^P*'«*« toi ' * 

. , ,, ^..^rwc Modification of surfaces for increasd 
20 in its entirety and for all purposes. Nioamca 

/^o„„<.r nuife Yan. Colby and Smithson, 
bkKompalabuiry as discussed by Amos, Clapper, Gune, Yan, t. y 

supra, differ from the present tavehiion in that (a) they do no. teach 
pho.oactiva.ion prior to fabrication di arrays of biomolecules and (b) titey do no. 

•each ^^ttWaW^^^*^^-™^ ° f * e formed 
pholoactivatable polymers; See Bhato, * K.; Tebieira, J. U Anderson, M, 
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^ . 1- C, ^ « G^, H , Hictaan, J. ,, Dolwy> c „ 

SCiMa ' U f". R S. Anal. Bicch^n. m m .j M 

' • ■ <B - 19M - ""COTJorated herein by 

reference in its endrery and for aUporpo.es. ** Eg««s, M • Ho«. m n • ,. 
„ ■hwws, M., Hogan, Reich, R. 

K.; Un»» re , X, EnH.cn, „, HoUfc. M.; Koslcld, „ ^ T , ^ 

Smith, Varma, It; Gangadharan, Mallik, A-j Burke, Wallace D 
(MCA^^ ^ 4^,57.^ . ^ ea*. OT e„ t> corpo rat ed herein by 

**-***.^ m i^. m!mm .^ reference ta jB 

- -on deposit and/or pnnern^ o, W differem) blonde, 

^ W -^MlWWta. preference In „ 
and for an purposes, Ka^ s. ^ T ^ 

* ^ Wl ^ incorpMa(ed hera . n ^ refe _ ^ 

- *>r al, purposes^ .^on, „ ft ^ ^ ^ ^ y<< 

V. T< Neargarder, M Bond, M Garcia,. !)^ , Staler, p.; Rogers, P. ««. M3 

-rporale^ herein oyreference In itscmfre^ and for a„ 

° f «™ * ***M ». for .he fabrlcanon 

of nucron scale biomolecular arrays. See Lopez. G P . »i.K 

' - " >pe2 ' G - P * BKbuyck, H. A.; Waltesides, 
G. M. ,,. 1SJ 3. m< , 4 ^, inco^ herein by reference in * 

-ore* and for a,l purposes. ^^^^ £ ^ ^ ^ 

^ """^ M J m ™. incorporated herein by 

^nce in its entirety and for aU purposes, k. l, WhUesldes, G. M J 
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* a~ SHU******™** re 

^ and for an pnrpfce, "* 
Prtrc** DJ; « WW***-** N - 

■ ^^disrnreV^^ 

^ea^oene^^ 

Caimed invent* ^ p.Woa^M cofapoM 

incorporated in any deniny or concentration « * *° 
^nay«; Fu^er^^ 

stee (360 Kd ^ ^ T 

u bicrt in bound to «ne * ****** 

Podor, d^cnWa -yaWd'**.*^ * «* « 

~«,».k, However the deposition technique of 
peptides upon a substrate, respectively. However, tne F 

» Fodo„ rcou.es rha. - deposition o, the node* acid po.yn.er or peptide be 
d on. one base pair or one anflno add at a n* respective.,, S«e SnrUbson, 
^W, « at, (Mtt. 1 
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each paten, incorporated herein „ reference fa ^ . ^ ^ 
purposes. r ^ 

One bf the main prbWems itgttWjtf^ ^ ^ 

T ^ PrOKin **^**» « ««« the nation 

or, -o„« proteinadsolp|ion ma^^W^^^^ 

surfece. E^ ^.^^.^ d . ^ ^ fa 

■ (Loweetal.). 

Ahho„ g h n^^, organjc ^ ^ |o ^ raj$iant (o _ 

Sorption and po^ss good Wocompalabi|i(yi ^ . ^ ^ ^ fa ^ 
— or ttte photochemical rbncUonahaaflon or poK™, surfaces fcr 
biomo.ecu.e immobfetion. Bra^lraoK, J. Rj' Hall, L; D , ^ ^ ^ „ 

^ ^ inCOrP ° ra,ed * * and fo r « parposel 

Oae invoH-es the ^eeteo aoa-spec^c ^chmeh, of aa N-hydroxysuccinimide 
perOnoropheny, mde to lhe ^ „ f ^ ^ ^ ^ ^ ^ 

Sauces B: Binmterfee*, ppV34Ms5 ^ ^ % ^ fc 

W ' 7 ^' ^ ** lft **** herein by reference ta 
- and for an purposes. This sorface-boand heterobituncnona, crossbar 
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is then allowed to react, with protein amino groups to form coyalent arnide linkages. 
One disadvantage of this system is the multi-step procedure for polymer activation 
and subsequent protein immobilization. ! 
Summary of the Invention 
5 It is therefore an object of the present invention tomake a substrate having 

a pattern of one or more biomolecules. 

It is a^her^c^^l^t invention tomake a polymer which can be 
readily activated* ei^ % ^^:P^M^ subsequent attachment of one 
or more proteins to ttat pattern. . K( fj- .r^Knxt ' • 
10 It is yet, another object of the present invention to make a polymer which 

can be readily activated to createj^sired pattern upon a substrate for the 
subsequent attachment of one or more antibodies upon that pattern. 

It is still another object of the present invention to make a polymer which 
can be readily activated ^create ,a desired pattern, via a photochemical reaction 
15 upon a substrate for the subsequent attachment of biomolecules upon that pattern. 

It is even another ^^mv^^^ to make a polymer which 
can be readily acthrated-.^c^te^d^. pattern via a photochemical reaction, 
the pattern having a resolution ; pn the order of about 0.1 to about 100 microns, 
upon a substrate for the subsequent attachment of one or. more biomolecules upon 

20 that pattern. ■ . , ?*:\ .n-^r-'^lr^r 

It is even yet another.object of the present invention to make a polymer 

which . can be readily . activated to .create a desired pattern via a photochemical 
reaction, the patterning a. resolution on the order of about 0.1 to about 100 
microns, upon a substrate for the subsequent attachment of one or more proteins 
25 upon that pattern. 

7 
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= II is still yet another object of-*, pr^n, invention to make , ^ 
which can * readily activated ,o create a desired pattern *a . photochemjca) 
reaction, the pattern having a resolution on the order of about 0.1 to about m 
micros upon a substrate for the subsequen, attachment of one or mote antibodies 
upon that pattern. 

1. is even aaother objeoof the present invention ,0 make a polymer which 
~ "•■~ d *"*-*» ~— » -earned , photochemical reaction, 

me pattern having a resolution, on the order«0,l te 100 microns, upon a 
substrate for the subsequent attechmenr 6f h* or more different biomo.ecu.es 
upon that pattern.- : ..J - 



It is even ye, another object of *e p^nrinvention to make a polymer 
which -.h-d*^ ^,.^^ a photochemica| 

mtaons, apon a substrate for the subsequent attachment of two or more different 
proteins upon that pattern. , r ; ; • 

It is still yet another object of the present, invention to make a polymer 
which can be readfly activated to create a desired pattern via a photochemical 
reaction, the pattern having a resolution on the order of abou, 0.1 ,o abou, 100 
micros, upon a substrate for the subsequent a.tachment of .wo or more different 
20 antibodies, upon that pattern, >; , v 

It isafurther object of the:pres^^ 
biochip has attached Wta S ^*p^ l aft«« TO dill« , 
biomolecules immobilized in different locations. 
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It is an even further object of the present invention to make a biochip 
wherein the biochip has attached upon its surface a patten* of two or more 
different proteins immobilized in different locations. 

It is yet a further object of the present invention to make a biochip wherein 
5 the biochip has attached upon its surface a pattern of two or more different 
antibodies immobilized in different locations. wh^r.^ ■/'.*> 

It 'is another; object^ theipresent invention to make a biochip wherein the 
biochip has attached upbn its surface a patten; of nucleic acid polymers such as 
DNA or RNA imra^ 
10 It is an object of the present invention to immobilize intact and fully 

functional biomolecules in patterned regions on the substrate surface. 

; It is still a- further object of: the present invention to make a biochip wherein 
the biochip has attached upon its surface a pattern of two or more different 
biomolecules immobilized -in 'different locations, the pattern having a resolution on 
15 the order of about 0.1 to about 100 microns. > 

It is still an even further object^ of the present invention to make a biochip 
wherein the biochip has attached upon: its surface of pattern of immobilized two or 
more different proteins, the pattern having a resolution on the order of about 0.1 
to about 100 microns. ; - ; j v : c -vi ■;•-*•■; 
20 It is yet an even further object of the present invention to make a biochip 

wherein the biochip has attached- upon its surface of pattern of immobilized two or 
more different antibodies, the pattern having a resolution on the order of about 0.1 
to about 100 microns. • • ; ^ 

These and other objects are accomplished by a process, the process 
25 comprising the steps of: 

9 
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(!) providing a substrate having surface hydroxyls or capable of being 
modified to: contain surface hydroxyl groups; 

(2) modifying the substrate, if necessary, to contain surface hydroxy] 
groups; 

(3) reacting the substrate surface hydroxyls with silanes to bind a 
molecular layer of vinyl groups upon the substrate; . ; ; ,\ 

(4) placing upon the molecular layer a solution of an acrylamide 
compound, a bis-vinyl compound and a photoactivatable compound, each 
compound containing onerOr; more; vinyl groups ; which cam participate in a free 
radical polymerization reaction to make; a polymerized network layer, bound to the 
molecular layer formed in step (3);; Vx ; o : i ^ - K ; ^ 

X s ) photoactiyating the polymerized network layer ? to make a patterned 
photoactivated polymerized network layer; and >; ; 

(6) placing upon the photoactivated -pp^ layer, one or 

more similar or dissimilar biomolecules to bind jsaid bipmolecules to said patterned 
photoactivated polymerized network layer.: ; L (: v> 

In canying out step (5), phptoactiyatiOT 
may be through an exemplary patterned mask having a desired resolution and 
shape, thereby, forming a patterned photoactivated polymerized network layer. 
Alternatively, a patterned photoactivated polymerized network layer may be formed 
without the use of a mask, by using, a directed laser beam forming a pattern of laser 
irradiated regions or by using a directed ]Uy r light source fanning a pattern of UV 
irradiated regions, each method forming a .patterned photoactivated polymerized 
network of desired resolution and shape. i i : i : : r / 
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Exemplary photbactivatable compounds containing a vinyl group capable of 
participating in free radical polymerization reactions and which can. upon 
photoactivation bind to biomolecules may be selected from the group consisting of 
bis(((2,6Klinitrobenzyl)oxy)carbonyl)allyl amine (2,6-DOCA), bis(((2- . 
5 nitrobenzyl)oxy)carbonyl)allyl amine (2-NOCA), LC-ASA ally! amine (LC-ASA 
Amine) or mixtures thereof. <'■ >x< <■: 
Brief Description of the Drawings 

: FIGS. 1(a), 2(a), 3.(a),-4(a), 4(b) and 4(c) are sectional views showing the 
steps of a first embodiment for .explahationioft the method of this invention and 
10 FIGS. 1(b), 2(b) and 3(b) are expanded views at the; molecular scale level of the 
parts A, B, and C indicated in FIGS. 1(a), 2(a) -and^3(a), respectively. 

FIG. 5 is a Confocal Fluorescence Micrograph of TRITC-Labeled IgG 
biochip formed according to^ the .presently claimed invention wherein the resolution 
of the pattern of 4miAxNli^J^tn"tll6^iraef:: Of about 10 microns, the substrate 
IS upon which the pattern depicted in FIG, 5 is formed is fused silica (Si0 2 ). 
Detailed Description of the Preferred Embodiments 

: Detection of various analytes in a sample can be accomplished by the spatial 
isolation of a single detectable element on a solid support. According to this 
approach, the anatyte present can bei defected not by which label is attached to the 
20 anatyte, but by where on the modified substrate (i.e. biochip) the label attached to 
the anah/te is present. It is the prior knowledge- of the type of biomolecule or 
bioactive agent immobilized on the discrete region of the substrate surface that 
allows for the identification and quantitation Of multiple analytes. 

In order to form the biochips wherein various biomolecules capable of 
25 binding to various analytes are immobilized upon modified substrates, the processes 

11 
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: • r and compounds described herein are used. While the following description of the 
compounds and processes used are described to aid in the understanding and use 
of the presently claimed invention, by no means is the following description meant 
to limit the scope of the presently described processes and compounds claimed. 

Since it is recognized that various modified substrates are susceptible to the 
non-specific binding of biomolecules, it necessary to control the,degree of such 
non-specific adsorption of biomolecules in order to form biochips (e.g. substrates 
having modified surfaces with one or more biomolecules attached in discrete 
regions wherein the biomolecules. may be ^ thecsame or different); To this end, 
applicants have chosen surface chemistries that result in a substrate (or modified 
substrate) possessing inherent^resistaiicev to : prQtem m ttachiiient (e.g. adsorption). 
The substrates can be fiirther^lec^h/jinodffied to alter the inherent resistance to 
protein attachment (e.g. adsorption). ,^r,modification, substrate regions 
previously resistant to protein attachment (e.g. protein adsorption) now inherently 
promote protein attachment. In addition, the change in surface chemistry from 
inherent resistance to protein attachment to inherent; susceptibility to protein 
attachment can be accomplished in a single step. 

A suitable substrate is any material.that contains surface hydroxyl groups or 
is capable of being modified to contain .surface hydroxyl : groups. For example, 
treatment of various substrates with 0 2 plasma will provide a substrate with surface 
hydroxy] groups. Modification of substrates to provide surface hydroxyls are well 
known to those skilled in the art. Examples of substrates having surface hydroxyl 
groups or capable of being modified to contain surface hydroxyls include Si wafers, 
fused silica, silicate glasses, SiO* ,A1 2 0 3 , polyvinyl alcohol, indium tin oxide, tin 
oxide, zinc oxide, ceramics, fluoropolymers, diamond and others. See Vargo et al., 

12 
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Adhesive Electroless Metallization of Fluoropofymeric Substrates, Science; Vol. 262, pp. 
1711-1712, (10 December 1993), incorporated herein by reference in its entirety and 
for all purposes. Substrates are treated with an exemplary silahe of the formula: 

5 CH 2 =C(CH 3 )-CCX)-(OT 2 ).-SKOY)3 (1) 

wherein n is an integer fifbni 1*25, preferably from 1-5- and Y is either a halogen or 
a methyl or ethyl grbupP«^6veiF, Y maty be any leaving group wherein reaction 
between the exemplary Silane <i> arid substrate surface hydroxyl groups leads to the 
formation of an' : exe'mpla^ ? niottom 

CH^GHi>CCK>(GH^ (2) - 

on first substrate? 10. Ste FIGS^l(a>^dl(b); r ri J 

Another exemplaxy s^ silane (1) has the 

'■ formulae ' : : :: ' " yi 'i s '- ; *- : - 

CH^CH-(C^ 2 ^i-(OY)3 (la) 



15 



wherein x is an integer, preferably frbih 1-25 and Y is a halogen, a methyl group, an 
ethyl group, or any other 'suitable leaving grbup wherein reaction with surface 
20 hydroxyls of a substrate leads to the- formation of an exemplary molecular layer 
having the formula: a ' 5 

OT'=eH-((OT^Si-(d.) 3 ; ; - (2a). 
In general, the molecules used for forming molecular films upon substrates having 
25 surface hydroxy! groups should have first reactive groups such as siloxy bonds that 

13 
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can react with the surface hydroxyl groups arid ateo have second reactive groups 
such as terminal vinyl groups that can subsequently participate in polymerization 
reactions with, for example, acrylamide, bis-acrylamide and other vinyl group 
containing compounds to form network polymers thereof on the surface of the 
5 substrate. * - 

An exemplary suitable silane for forming an exemplairy monomolecular film 
12 upon a first substrate 10 is the exemplary silane of the formula: 

CH 2 =CH(C^ (3). 

10 Exemplary silane (3) is also referred to by trie abbreviation MPTS. The use of 

exemplary silane (3) upiori a first substrate 16 having isurface hydrbxyls leads to the 
formation of an exemplary monomolecular film layer 12 as depicted in FIGS. 1(a) 
and 1(b). The monomolecular film 12 is hydrophilic in nature. The 
monomolecular film depicted in FIG. 1(b) has the general formula: 

15 CH 2 =CH(CH 3 )-COO(^^ (4). 

After having formed the monomolecular film 12 upon first substrate 10, the 
substrate arid film can be immersed in an exemplary solution of acrylamide, a bis- 
acrylamide and photoactivatable compound containing a vinyl group 
(photoactivatable compound e.g. 2,6-DOCA; 2-NOCA; ^ LG^AS A Amine, in/ra) 

20 which can participate in a free radical polymerization reaction. The immersion of 
the first substrate 10 coated with a hydrophilic rrioteciilar layer 12 in the 
acrylamide:bis-acrylamide:photoactivatable compound solution leads to the 
formation of a network polymer upon the hydrophilic layer 12 previously formed on 
first substrate 10. By varying the concentration of the photoactivatable compound 

25 (e.g. 2,6-DOCA) in the exemplary solution of acrylamide: bis acrylamide: 

14 
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photoactivatable compound: solution, the final density of the photoaqtiyatable 
groups within the resultant polymer can be readily controlled,. The thickness of the 
network polymer formed is proportional to the amount of time the first substrate 
10 with hydrophilic layer 12 is immersed in the exemplary solution of 
5 aaylamiderbis-acrylamiderphotoactivatable compound. The network polymer, 
alternatively, niay also be fo^ 12>by spin, .coating or spraying the 

exemplary aCTylamide:bi^-a^lamide:photpactivatable compound solution on layer 
12. 

The bis-acnylamide ^ts as a ^ reaction 
10 leading to the . forma tion, of ,th.e? network ,jral)^er^ Ap exemplary, molecular 

structure of the network pc^njer i&,stiowp in FIG^ 3^1)). While the exemplary 
structure shown in FK3- ; 3(b) .i^^]^g^; r mt^the. use of a cross-linker of the 
formulae ^ . , . : ,;, -v,^,.. si i; r ,< : : ^,>^ ■ . ■ - 

15 X-(NH.CO-CH ? (^ D ^ : : (5) 

wherein X = -CH* any bisracrylamide type of molecule may be used having two 
terminal acrylamide moieties and, wherein X== an alkyl linkage of varying chain 

length ,;. -',r:;.'r- r-r> ■ ; : . • : . 

(e^g. -(CH^.-), the length ; denoted A by the integer a.. Alternatively, a cross-linker of 
20- the formula: ... . x . /; : 

■ • : . r (G) h -(CH=CH 2 h , , ; (5a) ;; 

or the formula: ; ; ; \ v , rrnr--:. ^-d ^ v ; >: 

(G) b -(CR = GH 2 ) 2 r „., T :ir . (5b) 
may be used as the cross-linker ^ wherein. G is, for example, an alkyl group, a 

25 methylene group, an amide linkage or an alcohol linkage, among others and b is an 

• --*'■■,'■■'■••-■- -j 
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integerfrpm 1-10, preferably between 1-2 and R is an alky] group of 1-5 carbon 
atoms. The . critical feature of the cross-linker molecule is that it contains two 
terminal yinyl groups, and is capable of forming a network polymer when reacted 
with a molecular film, acrylamide and a photoactivatable compound, each having 
terminal vinyl groups prior to the formation of the network polymer so formed. , 

A representative example of the formation of the network polymer upon an 
exemplary hydrophilic layer 12 upon first substrate 10 of FIGS. 1(a) and 1(b) using 
acrylamide, bis-acrylamide, and 2,6 DOCA is shown below: 

o o o 

H 2 C=CH-C-NH 2 + HzC^H-tf-NH-CHj-NH^-CH^Hj 
acrylamide . :,.>,;:•■?•.':- bb-acrylamide 

, . . . + . 0 2 N 

H 2 C=CH— CH 2 -NH— C— O-CH2 

II 
O 



IS 



0 2 N 




2,6-DOCA 



•I 



H 2 i o d:H 2 

CH— i!-NH-CH 2 -NH-C— iH 

CH 2 O CH 2 O 

CH-i-NH 2 cH-i-NH 2 

CH 2 O CH 2 6 

20 I II l 11 

CH-G-NH 2 rt " : CH-CHNH 2 
I 0 2 N 
CH 2 O 




CH— CH 2 NH< 
CH 2 



After formation of the polymer network of desired thickness, the first substrate 10 
25 with molecular layer 12 coated with network polymer layer 24 (See FIG. 3(b)) is 
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pulled out of the exemplary acrylamki^ As 
noted earlier, the network polymer layer 24 may, alternatively, be formed upon 
layer 12 by spin coating or spraying the exemplary acrylamide:bis-acrylamide:2,6- 
DOCA solution upon layer 12. ^ 
5 Alternatively, for the formation of thin layers 24 of the network polymer, a 

second substrate 10 haVing stir&te hydtoxyls (See FIGS; 2(a) and 2b)) is reacted 
with a sDane of the fbrroft^ ;/ * *' " ' i:K ' ' ' :r/ '"' 

O 

10 wherein Z is an ethoxy group, a methoxy group, a halogen or mixture thereof. An 
exemplary silane (7) is referred to, by the abbreviation (DDMS) and has the 

formula: ,/-.. J/ " '■' 

- ~\ 

(CH 3 )2Sia 2 (7a). 

15 Reaction of second substrate 10 having surface hydroxyls with silane (7) or (7a) 
results in the formation of the following molecular film: 

(CH^CO-), (8) 
upon the second substrate 10 denoted i as film 18 in FIGS. 2(a) and 2(b). While the 
20 exemplary silane (7) is used, it is possible to use any silane wherein instead of two 
methyl groups, two alkyl groups are : present on the silane (7). Thus, a silane of the 
formula: :. 

(R)(R')SiZ2 J (9) 

17 
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may be used wherein R and R* are tikyY groups which may be the same or different 
arid Z is any suitable leaving group such as a halogen- a methoxy group, an ethoxy 
group or mixtures thereof. The result of forming an exemplary molecular film 18 
upon second substrate 10 (See FIGS. 2(a) and 2(b)) is that film 18 is hydrophobic 
as opposed to the exemplary hydrophilic film 12 formed on first substrate 10 as 
depicted in FIGS, i (a) and 1(b). § - - v : «>. : ^ ■ ;;1 

Having formed a ffrst substrate 10 having an exemplary hydrophilic 
molecular layer 12 and a second substrate 10 having exemplary hydrophobic 
molecular layer 18? a saihdwieh of thesie twb siibsfriates ik formed wherein layer 18 is 
placed adjacent to layer 12. Thereafter^the exemplary solution of acrylamide: bis- 
acrylamide: photoactrvaiable ^ impound is' placed between 18 and 12. Due 

to the hydrophilic nature and the availability surface vinyl groups of layer 12 and 
the hydrophobic nature of layer 18 and the lack of vinyl groups (or other 
unsaturation capable of participating in^the polymeria a thin 

polymeric network layer 24 is formed upon layer 12 between layers 12 and 18. See 
FIGS. 3(a) and 3(b). The formation of the exeihplary polymer network 24 has 
previously been described. : L >., . r: ;i 

Due to the presence of the exemplary hydrophobic layer 18 which inhibits 
the growth of a thick layer 24 (shown in FIG. 3(a) and depicted at the molecular 
level in FIG. 3(b)), a very thin exemplary network polymer layer 24 is formed. 
Note that in FIG. 3(b), only one exemplary structure of the polymer network is 
shown. While any and all permutations possible in the bonding between the 
acrylamide, the exemplary bis-acrylamide and the exemplary photoactivatable 
compound to form a polymer network 24 take place, not all permutations are 
depicted in FIG. 3(b). However, the formation of the various permutations are 

18 
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understood by those skilled in the ; art. Note that the vinyl groups off the acrylamide, 
the bis-acrylamide, the photpactivatable compound (e.g. 2,6-DOCA) and the layer 
12 form the backbone, of the polymer network upon first substrate 10, the 
exemplary backbone referred to by numeral 26 in FIG. 3(b). One can imagine a 

5 structure of the polymer network 24 as one that resembles a fish net attached to 
the first substrate 10 via the intervening exemplary molecular , layer 12. 

After formation of a ; $fawppi^ substrate 10 

having layer 18 attached, ^pe-eled away leaving, behind a first substrate 10 having a 
molecular layer 12 interposed between ,the, : first substraienlO and the polymer 

10 network layer 24; Note ^at.the ^m^ m^o^mF 24 has a dinitrobenzyl 

moiety 30 attached within 1he-potynier network- 24 as depicted in FIG. 3(b). At this 
stage, the polymer network layer: 24^inhe.rently,resistant ,to. protein adsorption or 
other chemical protein attachment r r . ^vr- 1 1 

Exemplary subsequent irradiation -of layer 24 in the deep-UV causes 

15 photodeprotection of the pendant? carbamates (e.g. using 2,6-DOCA as the 

photoactivatable compound), to generate o-nitrpsobenzaldehydes, carbon dioxide 
and free primary amines as depicted below: 

- .. • - . x.'C' : "'<"\ v"f5'C!'7iS ■*•""' 



s.. <■;}■:■ i :).■•,: ■■r.\--.-:',c\':v.^ 
• •>;:<;: Of? •: .<!.'T.V- 

, . - ' h ' { ?• vul i ' - . ■ • ■ . 
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Note that irradiation may be done through a patterned mask, or by directed 
irradiation of laser light or UV light to specific portions of the polymer network 24 
present upon the substrate 10. 

The reactive exemplary aldehydes generated after irradiation are trapped 
within the exemplary polymer network 24 (polymer matrix) and can be reacted with 
primary amines on biomolecules:tq form imines (Schiff bases) as shown below: 



10 



Biomolecule — NH 2 •+ 



ON 



O z N 



- « \ v < — ,, 




15 Thus, the light-driven generation of reactive aldehydes provides a method for the 
sequential immobilization of multiple biomolecules to the polymer surface in 
patterned arrays. Thus, a given region of the exemplary polymerized network layer 
24 may be photoactivated followed by attachment of a particular biomolecule, such 
as the antibody IgG. Thereafter, another region of the same polymer network layer 

20 24 (previously not photoactivated) may be photoactivated followed by attachment 
of a different biomolecule, such as the antibody IgM. In this fashion, of sequential 
photoactfvation and attachment of biomolecules, biochips having two or more 
biomolecules can be attached to the underlying exemplary first substrate 10 in a 
pattern of desired shape and resolution. The resolution that can be achieved is 

25 between about 0.1 to about 100 microns, preferably between about 0.5 to about 50 
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^ microns, more preferably between about 0.75 *q about 10 microns and most 

preferably .from about 1 to about 5 microns. 

Alternative, photoactivatable compounds that may be used in place of 2,6- 
DOCA are 2-NOCA and LC-ASA Amine, infra. LC-ASA Amine has the structure: 



OH 




O 



o 

,,LC-A?AA^yl Amine 



2-NOGA has the structure: 




O NH_ ^ 



ft 



It should be noted that the method of altering a polymer's properties through 
incorporation of a photoactivatable compound, with specific chemical properties is 
fully generalizable. Thus, the electrical, optical,, and/or chemical properties of the 
polymer network formed could be readily varied by the choice of the 
photoactivatable compound used. In the choice of photoactivatable compound, the 
only requirement would be the presence of a vinyl group to participate in the free:, 
radical polymerization reaction and a photoactivatable group that can be irradiated 
with a light source to promote the binding of biomolecules to the photoactivatable 
group after irradiation. Thus, photoactivatable compounds such as LC-ASA 
Amine containing phenyl azides could be easily substituted for the 2,6-DOGA or 2- 
NOCA chemistry. 

22 
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Alternatively, it Js possible to attach highly-negatively charged biomolecules 
directly to the polymer network surface by forming ionic bonds between protonated 
amine groups on the polymer network and carboxylates and/or phosphates 
furnished by biomolecules. . 
5 Various kinds of biomolecules may be immobilized onto the patterns of the 

polymer network. For example, groups of antibodies exhibiting differential 
affinities to the same antigen i^^-fceiutec^Th^ obvious advantage of operating 
the multi-analyte sensor in this configuration would be the availability of several 
independent signals to Kelp cbhiBfm tfi6 presence of analytes of interest. In this 

10 manner, false-positive arising from cross-reactivity problems could be eliminated: 
Pattern recognition software could also benefit by differential-affinity antibodies. 
For example, image analysis programs could look for a specific pattern of 
exemplary fluorescence emanating from individual antibody groups before signaling 
the presence of an analyte. 

15 It should be noted that while: a HgXe lamp was used, photoactivation using 

an excimer laser (193 or 248nm) is/ available as an alternative. Advantages 
associated with the use of the; excimer laser include: 1) less light scattering and 
hence better resolution during irradiation, 2) the ability to work in projection mode, 
removing the need for a mask and minimizing cross-contamination and 3) greater 

20 flexibility^ in the types of patterns that can be formed by laser 'Nvriting" using a 
movable substrate stage. „;. v :^«>.?^ori:; r- 

The following examples are included to aid those skilled in the art to 
understand the operation of the presently claimed invention. The examples are 
merely exemplary and are riot intended to limit the scope or breadth of the 

25 presently claimed invention. 
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[ivxv:<*:''."> Examples 
Example 1: Synthesis of 2,6-DOCA-Derivatized Polyaciylamide and 
Immobilization of TRITC- and CY5-Labeled IgGs 

The first example of this invention is described in reference to FIGS. l(a)-4(c). On 
a Si substrate (Si wafer, fused silica or glass) 10 there is formed by a chemical 
adsorption process, a monomplecular film 12^f: ; / : r > 




10 



through the reaction of surface silanols and a reactive silane agent e.g. 
H 2 C=C(CH 3 )C0 2 (CH3) 3 Si(OCH3)3 (MPTS). For example, the first group of 
substrates were immersed in a solution containing: methanol (193 mL), water (5.4 
IS mL), glacial acetic acid (0.6 mL), and MPTS (1.0 mL) for 1 h at 60 °C, to form a 
bonding 14 of: ... :*r^v: : v- ? ,);• - 



20 




at the Si0 2 surface FIG. 1(b). This chemisorption step leaves vinyl groups 16 at the 
substrate surface free to participate in the free radical polymerization reaction of 
acxylamide that covalently binds the polymer film to the substrate. 
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A second group of Si substrates were modified by a similar chemical 
adsorption process FIG. 2(a) to form a film 18 of: ; - 

—An, 

through the reaction with siirface silanols and a reactive silane agent, e.g., 
(CH 3 )2SiCl 2 (dichlorodimethylsilane-DDMS). For example, the substrates were 
immersed for 1 h at room temperature m a solution of DDMS (1% v/v in hexane) 



10 to form a bonding 20 of: 



Si- 

15- .. a . .. c.L.i a?*!.* ■ ,; , ••• •.. • : • 

In contrast to the earlier deposition of MPTS on the first substrate, this 
chemisorption step leaves methyl groups 22 at the second substrate surface which 
provides resistance to polymer attachment FIG. 2(b). When polymerization occurs 
between MPTS- and DDMS-modified substrates oriented in a "sandwich" 

20 configuration 24 as shown in FIG. 3(a), the polymer binds only to the MPTS- 

modified substrate. This allows the DDMS-modified substrate to be lifted off clean 
after polymerization. ' ; " ' • Tu ' : - '•• '• 

The chemical components : bf the terpolymer used in this example are 1) 
acrylamide 2) bis-acrylamide and 3) 2,6-DOGA. The resulting polymer matrix, 

25 showing the polyacrylamide backbone 26, bis crosslinks 28, and pendant 2,6-DOCA 
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groups 30, is shown in FIG. 3(b). In a -typical polymerization procedure, to 5.0 mL 
of water were added acrylamide (1.80 g) and bis-acrylamide (0.20 g)and the 
resulting solution was degassed for 10 min. To 1.0 mL of this stock solution was 
added 2,6-DOCA (3.0 mg). Potassium persulfate (2.0 mg) was added and the 
solution was sonicated, filtered through a 0.45 mm filter, and degassed for 5 min. 
To the solution was added N,N;N^^ 

AiL). Within 1 min, 20 tiL of the solution was applied to the surface of the MPTS- 
modified substrate, which was immediately icbvered with a DDMS-modified 
substrate. The • resulting - N sand^W ! -%k"press£d' of clamped- together with binder 
clips and allowed to polymerizte for 12 h at room teinperature. After lifting off the 
DDMS-modified subistrate; the MPTS-mbdified substrate v containing the polymer 
film, was soaked in water for 15 min^ sonicated for las, and; dried in a jet of 
Reproducible films with thicknesses of l-^/inv as measured by a profilometer were 
produced using this technique. : to o-Iv;,-. -.;y,v > 

In a typical procedure used for cdvilent attachment of antibodies to the 
activated region, the polymer-modified substrate; FIG. 4(a-c) was irradiated through 
a mask 32 using a 500 W HgXe source (hv = 260,220 nm, 11 mJ/cm 2 ) were 
irradiated for 15 min. The substrate was rinsed with water and immersed in a 
solution of antibody (tetramethylrhodamine dsothiocyanate (TRITC)-labeled goat 
IgG 34, lmg/mL in phosphate buffered saline (PBS)) for 30 min. It was rinsed and 
sonicated first in PBS and later in' water! After drying in a jet of N^, the substrate 
was visualized by confocal fluorescence microscopy. The resulting image (See FIG. 
5) was produced using excitation of 514 nm and emission > 565 nm. The dark 
areas correspond to regions blocked from deep-UV light by the metallized bars of 
the mask. Since photoactivation did hot occur in the. dark regions, there was little 

26 
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or no binding of fluorescentJy-labeled antibodies at these sites. The light; areas 
correspond to irradiated regions and show increased fluorescence due to the 
attachment of TRITC-labeled antibodies. 

. : » ■ * 

5 Example 2: Synthesis of LC-ASA-AHyl Amtae-Derivattaed Polyaciylamide and 
Immobilization of HR^^ 

The preparation of substrates was the same as in Example 1. The polymer was 
prepared in the dark as in, Example 1 except that 3 pig pf ; I-C-ASA-Allyl Amine 

10 was substituted for 2,6rQO€A»T Only % «L of TEMgD were used for initiation. 
After polymerization and rinsing; 20 0f a solution of HRP-labeled IgG ( 10 
/ig/mL in PBS) was applied to the. polymer. : A, second fused silica slide was applied 
and the resulting "sandwich" was. clamped together under a dark field mask with an 
open circle. Irradiation was carried out at 330 nm for 2 min. The slides were then 

15 separated, sonicated for 10 s.= in PBS, arid' rinsed with .copious amounts of water. " 
To ascertain whether the labeled IgG had been bound in the irradiated region, a 
solution of the substrate for HRP (3,3\5j5Metramethylbenzadine (TMB)) was 
layered over the slide. After 15 min. at: room temperature the expected blue 
precipitate was iclearty being formed only at -the irradiated circle previously defined 

20 by the mask. This experiment demonstrated not only that the antibody had been. 

selectively bound, but also that the HRP conjugate remained active after irradiation 
and. immobilization, i . >.v. •;:..-?» : ; 

Example 3: Sequential Immobilization of Anti-TRITC- and Anti-Fluorescein-IgGs 
25 on 2,6.DOCA-Derivatired Crosslinked Polyacrylamide 
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-Substrate preparation and film deposition were as in Example 1 Two identical 

■■: polymer modified slides were irradiated using dark field slit (25 Mm) masks. After 
rehydrating in water, they were then exposed to a solution of anti-fluorescein IgG 
(anti-FTTC IgG) (0.1 mg/mL in PBS) for lh. They were then rinsed using a cycle 
of PBS, PBS-sodium dodecylsulfate (1% SDS), and finally with water. The masks 
were again placed over the slides, but this time the slits were rotated 90° to 
produce a cross relative to the previous irradiation region. The slides were 
irradiated for a second time. After rehydration, they were exposed to a solution 
anti-TRITC IgG (0;i mg/mL in PBS) for 1 h. The substrate were taken through 
the same rinse cycle used earlier.. One. slide was exposed to a solution of FITC- 
labeled IgG (10 Mg/mL in PBS) and the other slide was exposed to a solution of 
TRITC-labeled IgG (10 Mg/mL in PBS). After 30 min,; the slides were taken 
through the rinse cycle and dried in a jet of N 2 . Both sudes were imaged using the 
confocal microscope at both 488 and 514 nm. The slide exposed to FITC-labeled 
IgG showed only one bright stripe when scanned at both 488 nm (appropriate 
excitation line for FITC) and 514. The stripe was located in the region in which 
anti-FTTC IgG was supposedly labeled. The results of the slide exposed to TRITC- 
labeled IgG were more ambiguous, however, since fluorescence was seen from both 
regions at both excitation wavelengths. This result might be due to a roughening of 
the polymer surface caused by irradiation which increases light scattering, or to a 
bleed over of fluorescence between channels of the confocal microscope. This type 
of crosstalk is always seen with fluorophores having broad emissions spectra when 
excited by closely spaced laser lines. This experiment demonstrates not only the 
possibility of sequential attachment, but it also illustrates that the immobilized 
antibodies are able to bind their respective antigens. Fluorescence from non- 
28 
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specific binding of fluorescently-labeled antibodies to unirradiated regions of the 
polymer was very low and was estimated to be less than 10% of that exhibited by 
antibodies bound in irradiated regions. 

Example 4 

Preparation of ((2-nitroben2yl)oxy)carbonyI)allyl amine (2-NOCA) (1). 

,OCONH— CH 2 -CH=CH 2 



r CH 2 OH r 



O2N 




. . : 1) MeLi ir t+'-^r, ] •■ • ^-s- ±l: v 

2)H 2 C^CH^H2-N=C=p 






OCONH— CH2-CH=CH2 

■* - ' ■ * " « ' 
N0 2 



To a solution of 2-nitrobenzyl alcohol (Fluka) (7.0 g, 46 mmol) in anhydrous 
tetrahydrofuran (70 mL) at room temperature under argon was added an ethereal 
solution of methyllithium (1.42 M, 3.25 mL, 4.60 mmol). The resulting solution was 
stirred under these conditions for 2 h and then treated dropwise with a solution of 

10 allyl isocyanate (Aldrich)(4.1 mL, 3.9 g, 46 mmol) in dry tetrahydrofuran (45 mL). 
Once the addition was complete, the solution was stirred for 30 min and 
concentrated in vacuo. The residue was taken up in ether (300 mL) and washed 
with water (3 x 200 mL) and brine (1 x 200 mL). After drying (MgSOJ, the 
solvent was removed under reduced pressure to give a crude light yellow solid (9.24 

15 g). The pure product was isolated by extraction with hot hexane (3 x 50 mL). 



29 



BNSDOCIO: <WO 9633971 A 1_l_> 



WO 96/33971 PCT/US96/01496 * 

? , v After cooling to 4 °C for 12 h, the desired carbamate 1 crystallized as long white 

needled (7.56 g, 70%) mp 59-61 °G Anal. Calcd for C n H 12 N 2 0 4 (236.23): C, 55.93; 
H, 5.12; N, 1L86. Found: C, 55.84; H, 5.01; N, 11.73. IR (cm *, KBr): 3314 (s, N- 
H str), 1697 (s, C=0 str), 1521 (s, asymm N-O str), 1341 (m, symm N-O str). »H 
5 NMR (ppm, CDQ 3 ): d 3.83 (2 H, t, RCHC^NHR), 4.85-5.10 (1 H, br s, NH), 
5.13-5.25 (2 HV complex m, Cffi=GMR* 5:53" (2 H, s, C^OCOR), 5.78-5.93 (1 H, 
complex m, CH-=GWR)- 7.47 (1 H, dt (Ji = 8 Hz, J B = 2 Hz), H para to N0 2 ), 
7.62 (2 H, overlapping dd, 2H, raeta to NO,), 8.09 (iH, d ( J 0 — 8 Hz), H ortho to 
. • NOj). : . »C NMRt-di 43:46:s(R6HCH 2 *^),^^: ; ([H 2 eOCOk); 116.20 
10 (CH 2 =CHR), 124.87(C ortho to NO,),- 128:47 (G ortho to CH 2 OCOR), 128.64 (G 
para to CH 2 OCOR), 133j09 (C para to N0 2 ); 133.68 (CHi=CHR), 147.27 (C ipso 
to N0 2 ), 155.62 (GH 2 OCOR): i j.Vv. y.'.tu-:-. • :!< 



Preparation of ((2,6-dinitrobenzyl)bxy)carbonyl)aHyI amine (2,6-DOCA) (2). 




2 



15 
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To a solution of 2,6-dmitrobcnzenemethanol (2.01 g, 10.1 mmol-^See Houlihan, F. 

Shugard, A.; Gooden, R-; Reichmanis, E. Macromolecules 21, 2001, 1988, 

incorporated herein by reference in its entirety and for all purposes) in anhydrous 
tetrahydrofuran (15 mL) at room temperature under argon was added an ethereal 
5 solution of methyllithium (1.42 M, 0.72 mL, 1.02 mmol). The resulting solution was 
stirred underthese conditions for 2;5] h and -then .treated dropwise with a solution of 
allyl isocyanate (Aldrich)(0i9£) mL, 0.85 g, 10:2 mmol) in dry tetrahydrofuran (10 
mL). Once the addition was complete, the 

concentrated in vacuo. ■ XfoA&sMmi^3^f8yp>m. ether v (:150 mL) and washed 
10 with water (3 x 25 ; mL) and brine (1 x. 25; mL). After drying (MgS0 4 ), the solvent 
was removed under, reduced pressure to -give a brown solid (2.86 g), which after 
flash chromatography on silica gel (dichloromethane) afforded the desired, 
carbamate 2 as a light yellow solid 4&76 g, 62%), mp 99-100 °C. Anal. Calcd for 
C„H„N 3 0 6 (281.06): 46:96^H, 3,94; N,. 14:95. Found: C, 46.91; H, 3.55; N, 
15 14.91. IR (cm 1 , KBr): 3409 (s, N-H str), 1719 (s, OO str), 1530 (s, asymm N-O 
str), 1368 (m, symm N-O str). 'H NMR (ppm, CDC1 3 ): d 3:72 (2 H, t, 
RCHC/fjNHR), 4.77-4.90 (1 H, br s, NH), 5.05-5.20 (2 H, complex m, Ctf 2 =CHR>- 
5.53 (2 H, s, Cf/ 2 OCOR), 5.65-5.85 (1 H, complex m, CH 2 =CHR) 7.65 (1 H, t (J 0 
= 8 Hz), H meta to NO 2 ), : 8.01 (2.H, d (J 0 = 8 Hz), H ortho to N0 2 ). ,3 C NMR: d 
20 43.32 (RCHCH 2 NHR), 58.37 (H 2 COCOR), 116.18 (CH 2 =CHR), 126.70 (C ipso to 
CHjOCOR), 127.67 (C para to CH 2 OCOR), 129.77 (C meta to CH 2 OCOR), 133.75 
(CH 2 =CHR), 150177 (C ipso to N0 2 ), 154.90 (CH 2 OCOR). 
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Example 6 

Preparation of LC-ASA-AIly] Amine (LC-ASA Amine). 



PCT/US96/01496 



10 



CH^H-CHj-NHz + VAJI 

O Sulfo-LC-ASA-NHS 



— (CH^r-NH— 4— < v N 3 



Allyl Amine 




OH 



O o /r __^_ 

CH2=CH-CH 2 -NH-<!! (C^—NM-C^/^^ 




LC-ASA-Amine 

To 1.0 mL of sodium borate buffer (lOO'mM, pH .8.5) was added 10 mL ally] amine 
(Aldrich). The resulting solution was added to 50 mg sulfo-NHS-LC-ASA (Pierce 
Chemical Co.). The reaction mixture waS stirred for 1 h. in the dark. The 
precipitate which formed was filtered and washed . with Water (25 mg, 75%). 'H 
NMR (ppm, CDC1 3 ): d 7.4 (d- 1H arom.); 7.3 \s> 1H arom.), 6.8 (broad s, 1H OH), 
6.5 (d, 1H arom.), 5.9-5.7 (m, 1H CH 2 =Ctf); 5.6 (broad s, 1H NH), 5.2 (d, 2H 
C// 2 =CH), 3.8 (t, 2H 0/ 2 -NHCO), 3.4 (q, 2H OZ r NH), 2.2 (t 1H N//CO), 1.8-1.6 
(m 6H methylene groups), 1.4-1.3 (m 2B methylene group). 
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a. r x CLAIMS 

We claim: , 4 r... ; t * ? - ■ 1 *V •' :J: '.'t c\-.;zr-:~ 

1. A photoactivatable compound, said compound comprising the structure: 



10 



O2N 



H 2 C=CH— CH 2 -NH-C— O— CH 2 — 

O2N' 




2,6-DOCA 



o 

2, A photoactivatable compound, said compound comprising the structure: 



1 62N; 




15 ; 

3; A process for r forming a biochipj -said process comprising the steps of: 

(l)providing a substrate having surface hydroxyls or capable of being modified 
to contain surface hydroxyl groups; .) - K .. ; : , , - 
20 (2)modifying said substrate, iif necessaiy,; to contain surface hydroxyl groups; 

(3) reacting said surface hydroxyls- with a silane to bind a molecular layer of 
vinyl groups upon said substrate; 

(4) placing upon said molecular layer a solution of an acrylamide compound, a 
bis-vinyl compound and a photoactivatable compound, each of said compounds 

25 containing one or more vinyl groups which can participate in a free radical 
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polymerization reaction to form a, polymerized network layer bound to said 
. molecular layer, formed in step (3); . r v 

(5) photoactivating said polymerized network layer to form a patterned 
: photqactivated polymerized, network layer;, and 

(6) placing upon said photoactivated polymerized network layer, one or more 
biomplecules to bind said biomolecules to! said patterned photoactivated 
polymerized network layer wherein said biomolecules may be the same or different. 

4. The process of claim 3 wherein said step (5). further comprises forming said 
patterned phqtpactwated polymerMed network layer using a mask and irradiating 
said polymerized network layer .thrpugh^said mask to form said pattern of a 
resolution of between abput 0.1 to about lOO^microns. . 

5. The process of claim 4 wherein said, resolution isbetween about 1.0 to about 5 
microns. 

6. The process of claim 3 wherein, said, step (5) further comprises forming said 
patterned photoactivated polymerized network using a laser beam directed to 
irradiating discrete regions of said polymerized network to form said pattern of a 
resolution of between about 0,1 to about 10P;micrpns; . r 

1. The process of claim 6 wherein, said resolution is between about 1.0 to about 5 
microns. ,,,.•„,, - s .._ . •„ ..... 

8. The process of claim 3 wherein said step (5) further comprises forming said 
patterned photoactivated polymerized network using UV radiation directed to 
irradiating discrete regions of said polymerized, network to form said pattern of a 
resolution of between about 0,1 to about 100 microns. 

9. The process of claim 8 wherein said resolution is between about 1.0 to about 5 
microns. . . . ..... .-. • 
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10. The process of claim 3 wherein said photoactivatable compound is selected 
from the group consisting of 2,6-DOCA, 2-NOCA, LC-ASA Amine or mixtures 
thereof. u : 

11. The process of claim 10 wherein said photoactivatable compound is 2,6-DOCA. 
.;,$•. 12. The process of claim 10 wherein said photoactivatable compound is 2-NOCA. 

13, The process: of claim 10 wherein said photoactivatable compound is LC-ASA 
Amine. 14.A biochip for detecting multiple analytesi said biochip comprising: 
a substrate coated with, tyip or mbre biditiolecules in a pattern wherein said 
biomolecules are attached te'-said^iit^iVtlS-^sC-I aii*-* inte^eimg vpblymerized network 
10 layer, said polymerized network layet fqnifed ^ 

photoactivation of acrylamidejpa bi& vinyl compound^ tad a photoactivaitable 
compound, each of said ^iylatnidte and said compounds containing one or more 
vinyl groups. 
• 15. The biochip of claims 

> (G)^C^=GHi)2 ^ r ^ ' ' • 
wherein G is selected from th^^iSp tdrisistmg of an alkyl linkage, an amide 
linkage, an alcohol linkage or ii^ b is an integer from 1-10 and R 

is either hydrogen or an alkyl group of 1 to 5 carbon atoms. 
20 16. The -biochip ; of •c]dm'14'Wherein : iaiiEl > bis-viny] compound is bis-acrylamide. 

17. The process of claim 14^ wherein said photoactivatable compound is 
selected from the group consisting of 2,6^DOCA, 2-NOCA; LC-ASA Amine or 
■ • mixtures thereof.- "•' "■ - i ' V : ' '^ r : - 

25 18. The process of claim 14 wherein said biomolecule is a protein. 
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19. The process of claim 14 wherein said biomolecule is an antibody. 

20. The process of claim 14 wherein said biomolecule is a nucleic acid 
polymer. 

21. A photoactivatable compound, said photoactivatable compound comprising 
the structure: 



10 



25 



OH 

CH 2 =CH-CHr-NH-£ (CH 2 ^ — NH — C — ^ 



N 3 



\ \ - - y X - * LC^ASA-Amine 



22. A polymer network, said network polymer formed by the polymerization of 
acrylamide, a bis vinyl compound and a photoactivatable compound, each of said 
acrylamide and said compounds containing bne or more vinyl groups. 

23. The polymer network of claim 22 wherein said bis vinyl compound is bis- 
15 acrylamide. ... 

24. The polymer network of claim 22>herein said photoactivatable compound 
is selected from the group consisting of %6-T>OCA, ^ 2-NOCA LC-ASA Amine and 
mixtures thereof. 

25. The polymer network of claim 22 wherein said bis vimyl compound has the 
20 structure: 

(G) b -(CR=CH 2 ) 2 

wherein G is selected from the group consisting f an alkyl linkage, an amide 
linkage, an alcohol linkage or mixtures thereof and b is an integer from 1-10 and R 
is either hydrogen or an alkyl group from 1 to 5 carbon atoms. 
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